Adipose tissue-derived stem cells (ADSC) are routinely isolated from the stromal vascular fraction (SVF) of homogenized adipose tissue. Freshly isolated ADSC display surface markers that differ from those of cultured ADSC, but both cell preparations are capable of multipotential differentiation. Recent studies have inferred that these progenitors may reside in a perivascular location where they appeared to coexpress CD34 and smooth muscle actin (α-SMA) but not CD31. However, these studies provided only limited histological evidence to support such assertions. In the present study, we employed immunohistochemistry and immunofl uorescence to defi ne more precisely the location of ADSC within human adipose tissue. Our results show that α-SMA and CD31 localized within smooth muscle and endothelial cells, respectively, in all blood vessels examined. CD34 localized to both the intima (endothelium) and adventitia neither of which expressed α-SMA. The niche marker Wnt5a was confi ned exclusively to the vascular wall within mural smooth muscle cells. Surprisingly, the widely accepted mesenchymal stem cell marker STRO-1 was expressed exclusively in the endothelium of capillaries and arterioles but not in the endothelium of arteries. The embryonic stem cell marker SSEA1 localized to a pericytic location in capillaries and in certain smooth muscle cells of arterioles. Cells expressing the embryonic stem cell markers telomerase and OCT4 were rare and observed only in capillaries. Based on these fi ndings and evidence gathered from the existing literature, we propose that ADSC are vascular precursor (stem) cells at various stages of differentiation. In their native tissue, ADSC at early stages of differentiation can differentiate into tissuespecifi c cells such as adipocytes. Isolated, ADSC can be induced to differentiate into additional cell types such as osteoblasts and chondrocytes.
Introduction

I
solated from the SVF of adipose tissue, adipose tissuederived stem cells (ADSC) bear a strong resemblance to bone marrow stem cells (BMSC) as demonstrated by their expression of common cell surface markers, their similar gene expression profi les, and their similar differentiation potentials [1] [2] [3] . Unlike BMSC, however, ADSC can be obtained in large quantities at low risks [4] . In addition to being more abundant and easily accessible, the adipose tissue yields far more stem cells than bone marrow on a per gram basis (5,000 vs. 100-1,000) [5] . Therefore, it is reasonable to expect that ADSC will become the preferred choice of adult stem cells for future clinical applications.
Despite the importance of ADSC and the publication of more than 200 articles on their characterization, the cellular origin of ADSC within adipose tissue remains unknown. Recently, Yamamoto et al. [6] used immunofl uorescence (IF) staining of mouse adipose tissue to identify cells expressing CD90, CD105, Sca-1, and/or p75NTR. The results showed widespread distribution of each of these markers suggesting that they are not specifi c for ADSC. In another recent study, Zannettino et al. [7] attempted to identify ADSC in human adipose tissue by employing IF staining for cellular markers 1A6.12, 1B5, STRO-1, CD146, and 3G5. Although these markers were detected in two large blood vessels of unknown identity (arteries or veins?), their location in the adipose tissue cannot be inferred due to the lack of adipocytes or any other landmarks in the neighborhood of these two blood vessels. Furthermore, the study did not examine the small vessels (arterioles, venules, or capillaries) in adipose tissue although the authors did acknowledge that mesenchymal stem cells (MSC), such as ADSC, likely reside in specialized niches within the microvascular networks.
Several lines of evidence indicate that the vascular network plays a critical role in the development and expansion of adipose tissue. First, during embryonic development, the formation of capillary convolutions is a decisive and specifi c phase in the development of fat lobules [8] . Second, extensive removed and the remaining liquid portion was centrifuged at 220g for 10 min at room temperature. The pellet was treated with 160 mM NH 4 Cl for 10 min to lyse red blood cells. The remaining cells were suspended in DMEM supplemented with 10% fetal bovine serum (FBS), fi ltered through a 40-μm cell strainer (BD Biosciences, Bedford, MA) , and plated at a density of 1 × 10 6 cells in a 10-cm dish. After reaching 80% confl uence, the cells were harvested and stored in liquid nitrogen at a density of 5 × 10 5 cells per ml of freezing media (DMEM, 20% FBS, and 10% DMSO). The frozen cells were thawed for experiments as needed.
Flow cytometry
Freshly isolated ADSC were analyzed by fl ow cytometry for cell surface and intracellular antigen expression. The cells were incubated with primary antibody (Table 1) in 50 μL wash buffer (PBS containing 1% FBS and 0.1% Na 3 N) for 30 min on ice followed by another incubation with FITCconjugated secondary antibody. The cells were then rinsed twice with wash buffer, fi xed with 1% paraformaldehyde in PBS, and analyzed by a fl uorescence-activated cell sorter (FACSVantage SE System, BD Biosciences, San Jose, CA). The raw data were further analyzed with FlowJo software (Tree Star, Inc., Ashland, OR).
Immunohistochemical and immunofl uorescence staining
Tissue samples were fi xed in cold 2% formaldehyde and 0.002% saturated picric acid in 0.1 M phosphate buffer, pH 8.0, for 4 h followed by overnight immersion in buffer containing 30% sucrose. The specimens were then embedded in OCT Compound (Sakura Finetic USA, Torrance, CA) and stored at -70 °C until use. Fixed frozen tissue specimens were cut at 10 microns, mounted onto SuperFrost-Plus charged slides (Fisher Scientifi c, Pittsburgh, PA), and air dried for 5 min. The slides were then placed in 0.3% H 2 O 2 /methanol for 10 min, washed twice in PBS for 5 min and incubated with 3% horse serum in PBS/0.3% Triton X-100 for 30 min at room temperature. After draining this solution from the tissue section, the slides were incubated overnight at 4°C with primary antibodies (Table 1) . Control tissue sections were similarly prepared except that no primary antibody was added. Staining of the tissue was performed with the Elite ABC vascularization is necessary for the optimal function of adipose tissue as a metabolic and endocrine organ [9] . Third, cells of adipose lineage have been shown to secrete potent angiogenic factors [10] [11] [12] [13] . Finally, antiangiogenic agents promote adipose tissue loss thus underlining the importance of angiogenesis for maintaining adipogenesis [14] .
Several lines of evidence suggest that ADSC are vascular precursor cells. First, several studies have shown that SVF contains progenitor cells that are able to differentiate into endothelial cells and participate in blood vessel formation [15] [16] [17] [18] [19] . Second, a recent study demonstrated that SVF cells expressing both pericyte and mesenchymal markers reside in a periendothelial location and stabilize endothelial networks [20] . Finally, another recent study showed that ADSC transplanted into ischemic cortex preferentially migrate toward microvessels where they differentiate into vascular smooth muscle cells [21] .
In the present study, we identifi ed cells that express markers of vascular smooth muscle, endothelia, and stem cells in human adipose tissues, particularly in the adipose vasculature. The results show that ADSC are likely vascular stem cells (VSC) at various stages of differentiation toward becoming vascular smooth muscle and endothelial cells.
Materials and Methods
Human adipose tissues
A total of four adipose tissue samples were obtained from patients during routine abdominoplasty following informed patient consent and according to the guidelines set by our institution's Committee on Human Research. Whole intact portions of adipose tissue and associated skin were transported in sterile saline and immediately processed for cell culture or in a fi xative and subsequently processed for histological examination.
Cell isolation and culture
The procedure of ADSC isolation has been described previously [22] . Briefl y, the adipose tissue was rinsed with PBS containing 1% penicillin and streptomycin, minced into small pieces, and then incubated in a solution containing 0.075% collagenase type IA (Sigma-Aldrich, St. Louis, MO) for 1 h at 37°C with vigorous shake. The top lipid layer was 
Distribution of vascular and stem cell markers
Consistent with their anatomical origin, all four tissue samples of this study were white adipose tissues composed of adipocytes and stroma (Fig. 1) . The adipocytes measured 40 to 80 μm in diameter and the stroma as small as having a single capillary (~10 μm in diameter) or as big as having bundles of blood vessels (~100 μm in diameter). The adipocytes were not stained for any of the cellular markers used in this study, whereas the stroma were heterogeneously stained. Specifi cally, α-SMA was detected in the smooth muscle of all small blood vessels, arterioles, and venules, and both CD31 and CD34 were positively identifi ed in the endothelium of the same blood vessels (Fig. 1) . However, although CD31 was restricted to the endothelium, CD34 was more widely distributed. SSEA1 staining was observed in some smooth muscle cells of some blood vessels but not in endothelial cells (Fig. 1 ). Wnt5a staining largely followed that of α-SMA (Figs 2-4 ). STRO-1 expression was strictly endothelial and only in certain blood vessels . Positive staining for OCT4 or telomerase was rarely detected; the few positively stained cells were either smooth muscle or some unknown cell types but not endothelial cells .
Small arteries and veins
Small blood vessels are defi ned in the present study as having a diameter of 75 to 150 μm. They were always positively kit (Vector Labs, Burlingame, CA) followed by hematoxylin counterstain. For image analysis, fi ve randomly selected fi elds per tissue were photographed and recorded using a Retiga Q Image digital still camera and ACT-1 software (Nikon Instruments Inc., Melville, NY). For immunofl uorensence staining, the tissue was incubated with primary antibody (Table 1) followed by secondary antibody conjugated with FITC or Texas Red (Vector Labs, Burlingame, CA). Nuclear staining was performed with 4',6-diamidino-2-phenylindole (DAPI) . Stained tissues were examined by fl uorescence microscopy and confocal microscopy. Subsequent image analysis was done as described above.
Results
Abdominal subcutaneous adipose tissue samples were obtained from four patients. They were examined by immunohistochemistry (IH) and IF for the expression of α-smooth muscle actin (α-SMA), endothelial marker CD31, hematopoietic marker CD34, niche marker Wnt5a [23] , and stem cell markers OCT4, SSEA1, telomerase, and STRO-1. Because ADSC are derived from the stromal vascular fraction (SVF) of adipose tissue, the localization of these cellular markers in the blood vessels is the focus of the presentation below. The fi rst section will provide an overview of the distribution of these markers, while three subsequent sections will provide detailed analyses based on the sizes of blood vessels.
FIG. 1.
Immunohistochemical localization of vascular and stem cell markers in the adipose tissue. Human adipose tissues were examined by immnuohistochemistry for the expression of α-SMA (A), CD31 (B), CD34 (C), and SSEA1 (D). Positively stained structures are marked with arrows. Control specimen stained with HE (without antibody) is shown in (E), and two areas of which (a and b) are enlarged and displayed in (F). The small artery, the arteriole, and the capillary are approximately 70, 25, and 10 μm in diameter, respectively. although its sporadic and discrete staining pattern was different from the homogeneous staining pattern of α-SMA and Wnt5a ( Fig. 2A ). It appears that SSEA1 was expressed in not all but certain smooth muscle cells.
Arterioles and venules
Arterioles and venules are defi ned as having a diameter of 25 to 75 μm. Similar to above mentioned small vessels, arterioles and venules were always positively stained for α-SMA and Wnt5a in the smooth muscle and for CD31 and CD34 in the endothelium (Fig. 3) . Positive CD34 staining in the adventitia was still evident although some adventitia cells were not stained (Fig. 3) . The sporadic staining pattern of SSEA1 stained for α-SMA and Wnt5a in the smooth muscle and for CD31 and CD34 in the endothelium (Fig. 2) . Although CD31 and CD34 were both localized to the endothelium, their staining patterns were different. Although CD34 staining appeared homogeneous and contiguous throughout the entire endothelium, CD31 staining was mainly concentrated at cell-cell junctions. Furthermore, CD34 was localized to both the endothelium and adventitia thus giving the vessels a double-ring appearance. Both the cell junction staining and double-ring appearance have been reported previously (see Discussion).
In contrast to the above mentioned four markers, stem cell marker OCT4, telomerase, or STRO-1 were never found in arteries or veins (Fig. 2) . On the other hand, the other stem cell marker, SSEA1, was often seen in smooth muscle (Figs 2 and 3 ), capillary cells (possibly pericytes) that were positively stained for α-SMA were also stained positive for Wnt5a (Fig. 4B) . Likewise, capillary endothelial cells were always stained positively for CD31 and CD34 (Fig. 4) . However, cells stained positive for α-SMA and Wnt5a were stained negative for CD34 (Fig. 4B) suggesting that the probable pericytes are CD34-. There were nevertheless CD34+ cells outside the endothelium as they were stained negative for CD31 (Fig. 4B) . To more precisely locate pericytes, we stained adipose tissue with an antibody against pericyte marker CD104/PDGF-Rβ, and the results show that this marker did not colocalize with CD34 (Fig. 5) . Thus it does not appear that CD34+ cells of the adipose vasculature are pericytes (see Discussion for more details).
in the smooth muscle continued to hold, while STRO-1 staining was now clearly visible (Fig. 3) . Surprisingly, the STRO-1 staining occurred specifi cally in the endothelium (Fig. 3) and its punctuated pattern was reminiscent of CD31 (Fig. 3B) . OCT4 staining was detected only once in the nuclei of two cells of unknown identity (Fig. 3A) . Telomerase staining was faintly visible in only one cell of one blood vessel (Fig. 3A) .
Capillaries
Capillaries are approximately 10 μm in diameter and their lumen is encircled by 1 to 3 endothelial cells as seen in cross sections. Despite lacking smooth muscle, capillaries were stained positive for α-SMA (Fig. 4) these analyses, the expression of CD34 was also determined and used for comparison. The results showed that CD34 was expressed in 22.5% of cells, STRO-1 14.9%, telomerase 1.03%, OCT4 1.941%, and SSEA1 25.7% (Fig. 6 ).
Discussion
Although there is ample evidence that ADSC are bona fi de adult stem cells, the location of these cells in adipose tissue remained unknown. Recently, Yamamoto et al. [6] used IF staining on mouse adipose tissue to locate cells positive for CD90, CD105, Sca-1, and/or p75NTR. Their results showed widespread distribution of each of these four markers, thus casting doubts on the suitability of these markers for the identifi cation of ADSC. Another study by Zannettino Cells stained positive for OCT4 were still rare and their locations suggest both smooth muscle and endothelial cell lineages (Fig. 4A) . Cells stained positive for telomerase were also rare and their morphology and locations suggest their being undifferentiated cells. Although STRO-1 staining continued to be primarily endothelial, overlaps with α-SMA staining became evident (Fig. 4B) , suggesting the existence of cells bearing both smooth muscle and endothelial identities.
Expression of stem cell markers in primary ADSC
The expression of stem cell markers OCT4, telomerase, SSEA1, and STRO-1 were further analyzed by fl ow cytometry in primary ADSC, i.e., freshly isolated SVF cells that were allowed to attach to the plastic culture dish only once. In pericytes. Whether CD34+ cells are ADSC and whether ADSC are CD34+ will be discussed below.
As pointed out by Zannettino et al. [7] , mesenchymal stem cells, including ADSC, likely reside in perivascular niches. The fact that ADSC are isolated from adipose SVF further points to a close relationship between ADSC and blood vessels. Thus, in the present study, we sought to locate ADSC by employing vascular smooth muscle marker α-SMA, endothelial marker CD31, hematopoietic marker CD34, niche marker Wnt5a, and stem cell markers OCT4, telomerase, SSEA1, and STRO-1. Because IH staining provides optimal histology whereas IF enables colocalization (with double or triple staining), both techniques were used throughout this study to localize these markers except for OCT4, telomerase, and SSEA1 whose antibodies produced poor IF staining.
Due to their specifi city for smooth muscle and the endothelium, respectively, anti-α-SMA and anti-CD31 antibodies enabled us to visualize the distribution of blood vessels in the adipose tissue specimens. Anti-CD31 antibody was not expected to stain ADSC as it is generally agreed that ADSC lack CD31 expression [1] [2] [3] . Anti-α-SMA antibody clearly stained cells in capillaries (Fig. 4) , thus implicating these cells as pericytes. However, these cells were invariably CD34−, suggesting that pericytes in the adipose vasculature do not et al. [7] attempted to identify ADSC in human adipose tissue by employing IF staining for cellular markers 1A6.12, 1B5, STRO-1, CD146, and 3G5. In the histology images presented, each of the two large blood vessels was shown without any reference landmarks, thus making it impossible to know their relationship with the rest of the adipose tissue. Furthermore, although the images show that all of the tested markers localized to the vessel wall, they do not display suffi cient details as to tell whether the markers are located in the intima or in the adventitia. Thus, this latter study does not provide us a better understanding of the identity of ADSC within adipose tissue.
Another study [20] , which was published online while this manuscript was in preparation, focused on CD34+ cells in adipose tissue. The results showed that CD34+ cells are widely distributed among adipocytes and predominantly associated with vascular structures. Although these observations appear to be similar to ours, their histological analyses show only the longitudinal aspect of two blood vessels of unknown sizes and thus are of limited usefulness in terms of delineating the cellular composition of the adipose vasculature. In spite of these limitations, the study further showed that the majority of the CD34+ cells expressed pericytic markers, and this appears to suggest that ADSC are CD34+
FIG. 5.
Immunofl uorescence localization of pericytes in capillaries of adipose tissue. Human adipose tissues were immunostained for pericyte marker CD140b and CD34. Cell nucleus was stained with DAPI. the two populations of HSC (CD34+ and CD34-) can differentiate into one another [26] . Several papers, including ours, have shown that CD34 is highly expressed in freshly isolated ADSC (SVF cells), but its expression is quickly lost in cultured ADSC within the fi rst few (<3) passages [1, 2, 22] . This loss of expression is probably due to downregulation of CD34 expression rather than death of CD34+ cells (unpublished observation). In any event, the abundance of CD34 expression in SVF cells can perhaps be explained by the abundance of CD34+ cells in adipose tissue, as reported both in the present study and in a recent study [20] . Although CD34 localized to the endothelium, its staining was homogeneous while that of CD31 was more intense at intercellular junctions (Figs 2-4) . This differential staining of the endothelium by anti-CD31 and anti-CD34 antibodies has been previously observed in blood and lymphatic vessels [27] [28] [29] . In addition, CD34 staining was different from that of CD31 in that it was visible in the adventitia of all blood vessels; thus, the cross section of these CD34-stained vessels had the appearance of two concentric circles (endothelium and adventitia) sandwiching the unstained smooth muscle layer (Figs 2 and 3) . A similar staining pattern in subcutaneous tissue has been previously reported [30] .
Although the CD34+CD31+ inner circle of blood vessels is undoubtedly the endothelium, the CD34+CD31-outer circle is an entity of uncertain cellular identity. The outer express CD34 and thus contradicting the fi ndings by Traktuev et al. [20] . Despite of this disagreement, our results do not exclude the possibility that ADSC are pericytes and vice versa.
Wnt signaling has been shown to regulate the self-renewal and differentiation of both hematopoietic and BMSC, and importantly Wnt5a has been localized to the bone marrow niche environment [23, 24] . In the present study, Wnt5a localized to the smooth muscle of small blood vessels, arterioles, and venules. It does not appear that Wnt5 was expressed in the endothelium, based on the lack of colocalization with CD34 (Fig. 2) . In capillaries Wnt5a staining was still evident (Fig. 4) , and which again was distinct from CD34 staining. Therefore, it appears that, similar to α-SMA, Wnt5a was expressed in smooth muscle cells of small vessels and in pericytes of capillaries, and neither cell types expressed CD34. This expression pattern suggests that neither vascular smooth muscle cells nor pericytes are ADSC but rather niche cells of ADSC. However, since "stem cell niche" is still a poorly defi ned biological entity, this Wnt-niche-ADSC hypothesis can only be substantiated in future studies. Interestingly, a recent study showed that recombinant Wnt5a protein could induce the differentiation of ADSC into beating cardiomyocyte colonies in a dose-dependent manner [25] .
CD34 has long been regarded a reliable marker for hematopoiectic stem cells (HSC), but recent studies have demonstrated the existence of CD34-negative HSC and that Although it was reported to be negative by Gronthos et al. in 2001 [44] , it was nevertheless used in the author's recent paper as an ADSC marker [7] . In our previous and present studies, we showed that STRO-1 was detectable both in cultured ADSC [22] and in adipose tissue. However, its expression pattern in adipose tissue was surprising-highly specifi c for endothelial cells in arterioles and capillaries but not in arteries. In capillaries, some of the positively stained cells were also stained positive for α-SMA (Fig. 4) , suggesting the existence of vascular progenitor cells. Positive staining of endothelial cells by anti-STRO-1 antibody has been reported before, but other cell types were also positively stained [45] . One of the reasons why immunostaining with the STRO-1 antibody produced confl icting results is that, despite its widespread use in hundreds of published studies, this antibody remains an orphan with no known antigen. In our current research, we have found that the STRO-1 antibody produced rather complicated staining patterns in various tissues. Thus, prolonged efforts will be required to solve the problems.
Based on our experimental results and the above-discussed evidence, we believe that ADSC exist in adipose tissue as a mixed population of "vascular stem cells (VSC)", as opposed to "fat stem cells", which is casually but incorrectly used as a synonym for ADSC. This "vascular stem cell theory" suggests (1) ADSC and mesenchymal stem cells in general are VSC, (2) the differentiation potential of VSC is proportional to the angiogenic potential of the vasculature and ranges from pluri to multi to uni in a continuous rather than discrete fashion, (3) in addition to vascular smooth muscle and endothelial cells, VSC are capable of differentiating in situ into host tissue-specifi c cell types (e.g., adipocytes in adipose tissue), and (4) depending on its differentiation potential at the time of isolation from the host tissue, an individual VSC can be experimentally induced to differentiate into various cell types. The theory thus helps explain many perplexing issues in regard to ADSC's cellular properties, such as (1) why ADSC and BMSC are virtually identical, (2) why confl icting evidence persists in regard to ADSC surface marker expression and differentiation potential, and (3) why ADSC exhibit various differentiation potentials in a clonal fashion. Furthermore, by equating ADSC to VSC, the theory helps explain why the yield of ADSC is much greater than BMSC [5] as adipose tissue is known to be highly vascularized and have angiogenic properties [9, 14, 46] . Specifi cally, the extensive capillary network that surrounds each adipocyte [14] and the angiogenic (differentiation) potential are additional attributes of the adipose tissue, which has been known to possess many advantages over the other tissues (see Introduction), as an optimal source of adult stem cells. Thus, by examining the stem cell characteristics of adipose tissue and proposing the concept of "vascular stem cells", the present study helps clarify several perplexing issues surrounding ADSC research and further elevates the status of ADSC as a legitimate and optimal stem cell source.
Conclusions
ADSC are likely VSC at various stages of differentiation toward becoming smooth muscle and endothelial cells. Those at earlier stages of differentiation can also differentiate circle, being outside of the muscle layer, is by defi nition the adventitia. Although the identifi cation of CD34+CD31-cells in the adventitia of blood vessels in adipose tissue is a novel contribution by the present study, similar cells have in fact been observed previously in the aortic adventitia, and, interestingly, these cells have been shown to be vascular progenitor cells [31] . In regard to the CD34+CD31-cells in adipose tissue, two previous studies have shown that this particular cell population possess both endothelial and adipocytic differentiation potentials [16, 32] . With a focus on in vitro differentiation, these studies presented no data on the localization of the CD34+CD31-cells in adipose tissue. More recently, as mentioned above, a recent study [20] showed that CD34+CD31-cells in adipose tissue are pericytes that also express α-SMA, and the authors went on to suggest that these CD34+CD31-α-SMA+ cells are ADSC. However, our staining data clearly showed that, while CD34+CD31-cells resided in the adventitia, the α-SMA+ cells were found exclusively in the media of arteries and arterioles ( Figs  2 and 3) . Thus, while we agree that ADSC are generally CD34+CD31-, we disagree that ADSC are CD34+CD31-α-SMA+. We also dispute the contention that pericytes are CD34+, as we clearly show that CD34 did not colocalize with CD140/PDGFRβ (Fig. 5) . However, as pericytes remain an ill-defi ned entity, we cannot exclude the possibility that ADSC are certain types of pericytes.
OCT4 is a widely accepted marker of embryonic stem cells, but its expression in adult stem cells is less certain [33] . To our knowledge, only one paper has provided experimental data concerning OCT4 expression in ADSC and it showed that OCT4 was abundantly expressed in cultured ADSC [34] . Similar to this study, we performed RT-PCR and western blot analysis on OCT4 expression in human adipose tissue and in cultured human ADSC, but our results were different from the above study in that, while clearly detectable, OCT4 expression was low in all tested tissue and cell samples (data not shown). In the present study, histological and fl ow cytometric analyses again respectively showed that OCT4+ cells were rarely detectable in the adipose tissue and cultured ADSC. These results are consistent with the wellknown fact that OCT4 is an embryonic transcription factor whose expression persists in only a limited number of cells in adult tissues [33] .
Similar to OCT4, telomerase is better accepted as a stem cell marker for ESC than for adult stem cells [35] . In cultured ADSC, telomerase was reported to be present [36] [37] [38] [39] or absent [40] . In adipose tissue, our present study appears to be the fi rst to examine telomerase expression, and which was detectable in two capillary cells. Their location and morphology suggest they are undifferentiated cells.
SSEA1 is a marker for ESC and BMSC [41, 42] . Its expression was reported to be negative in cultured human ADSC by fl ow cytometric analysis [38] . However, in the present study, both cytometric and histological analyses showed that SSEA1 was expressed at rather high levels. In adipose tissue SSEA1 was expressed at a lower level than CD34 (Fig. 1) , but in cultured ADSC of passage 0, it was expressed at a higher level than CD34 (25.7% vs. 22.5%, Fig. 6) . This is most likely due to the rapid downregulation of CD34 in cultured ADSC. STRO-1 is by far the best-known MSC marker [43] but whether or not it is expressed in ADSC is controversial [1] .
into tissue-specifi c cells such as adipocytes in their native tissue, and when isolated, can be induced to differentiate into several additional cell types.
